Abstract Migraine might be associated with high blood pressure (BP), which can cause more severe and more difficult to treat forms of headache. To evaluate the efficacy of frovatriptan and other triptans in the acute treatment of migraine, in patients classified according to a history of arterial hypertension, enrolled in three randomized, double-blind, crossover, Italian studies. Migraineurs with or without aura were randomized to frovatriptan 2.5 mg or rizatriptan 10 mg (study 1), frovatriptan 2.5 mg or zolmitriptan 2.5 mg (study 2), frovatriptan 2.5 mg or almotriptan 12.5 mg (study 3). After treating up to three episodes of migraine in 3 months with the first treatment, patients switched to the alternate treatment for the next 3 months. The present analysis assessed triptan efficacy in 60 subjects with a history of treated or untreated essential arterial hypertension (HT) and in 286 normotensive (NT) subjects. During the study, migraine attacks with aura were significantly more prevalent in HT subjects (21 vs. 13 % NT, p \ 0.001). The proportion of pain free at 2 h did not significantly differ between HTs and NTs for either frovatriptan (25 vs. 26 %) or the comparators (33 vs. 32 %). Pain relief was achieved in significantly (p \ 0.05) fewer episodes in HT subjects for both frovatriptan (41 vs. 52 % NT) and the comparators (48 vs. 58 %). Relapses at 48 h were similarly low in HTs and NTs with frovatriptan (29 vs. 31 %), while they were significantly (p \ 0.05) larger in HTs (62 %) than in NTs (44 %) with comparators. No BP or heart rate increment was observed during the study in HT subjects. No difference in tolerability was reported between HTs and NTs. In conclusion, HT individuals tend to be less responsive than NT migraineurs to triptan therapy. However, frovatriptan, in contrast to other triptans, seems to have a sustained antimigraine effect in both HT and NT patients.
Introduction
Several studies have reported that hypertension may not infrequently be associated with migraine and may even induce migraine chronification [1, 2] . According to the current knowledge, arterial hypertension is believed to enhance the effects of migraine on the vascular wall and concur to the further impairment of the endothelial function in the cerebral vasculature, leading to exacerbation of the frequency and severity of attacks [1, 3, 4] . In addition, individuals with migraine and hypertension have a higher risk of developing cardiovascular disease, such as ischemic stroke, than normotensive individuals [2, 5] .
Triptans are currently recommended for treating more severe forms of migraine, thus also potentially including episodes occurring in subjects suffering from arterial hypertension [6, 7] . However, presently there is no specific large scale trial which assessed the efficacy of triptans for treating acute migraine attacks in hypertensive individuals.
To bridge this void we settled a retrospective analysis of three previously published randomized, double-blind, cross-over, Italian studies [8] [9] [10] . In this analysis we compared the efficacy of frovatriptan, an antimigraine agent of the triptan class characterized by a long duration of action and thus a protracted analgesic activity [11] , with that of other triptans, in patients classified according to a history of high blood pressure.
Methods

Study population and design
The three studies shared a similar design, whose details are extensively reported in the original publications [8] [9] [10] . In brief, the studies included subjects of both genders, aged 18-65 years, with a current history of migraine with or without aura, according to International Headache Society criteria [12] , and with at least one, but no more than six migraine attacks per month for 6 months prior to entering the study. In the present retrospective analysis, we separately selected hypertensive and normotensive subjects. An entry office systolic blood pressure C140 mmHg or an office diastolic blood pressure C90 mmHg or a history of antihypertensive drug treatment indicated a positive history for hypertension. Normotension was defined by an office systolic blood pressure\140 mmHg and an office diastolic blood pressure \90 mmHg in the absence of any specific antihypertensive drug treatment or previous diagnosis of hypertension.
The studies had a multicenter, randomized, double blind, cross-over design, and involved 33 different centers across Italy. Each patient received frovatriptan 2.5 mg or rizatriptan 10 mg (first study) [8] , frovatriptan 2.5 mg or zolmitriptan 2.5 mg (second study) [9] , and frovatriptan 2.5 mg or almotriptan 12.5 mg (third study) [10] , in a randomized sequence. After treating 1-3 episodes of migraine in no more than 3 months with the first treatment, the patient had to switch to the other treatment and treated a maximum of three episodes of migraine in no more than 3 months with the second treatment. Subjects having no migraine episodes during one of the two observation periods were excluded from the study. Each subject was asked to visit the center three times during the study. Blood pressure was measured at each visit by a standard mercury sphygmomanometer according to current recommendations [13] . The arm cuff was wrapped preferentially around the non-dominant arm and kept at heart level during every blood pressure measurement. Three measurements, taken at 5 min intervals after 5 min of rest in the sitting position, were averaged and used as the office blood pressure reference value. Systolic and diastolic blood pressure values were taken at the time of the first and fifth Korotkoff sound, respectively. Heart rate was measured by the palpatory method at the radial artery level after each blood pressure measurement.
Data analysis
As in the original publications, this pooled analysis was based on the intention-to-treat population, defined as all patients treating at least one attack in each treatment period.
The study endpoints were quantified according to IHS Guidelines as follows [12] : (a) pain-free episodes at 2 h (absence of migraine 2 h after the intake of one dose of study drug), (b) pain relief at 2 h (decrease in migraine intensity from severe or moderate to mild or none 2 h after the intake of one dose of study drug), (c) relapse within 48 h (episode pain free at 2 h and headache of any severity returning within 48 h, or requiring the use of rescue medication or of a second dose of study drug).
A safety analysis was carried out on the intention-totreat population, by calculating the incidence of adverse events and changes in vital signs during the study and comparing them between hypertensive and normotensive subjects, regardless of the type of treatment.
Continuous variables were summarized by computing average values and standard deviations (SD), while categorical variables by computing the absolute value and the frequency (as percentage). Study endpoints were compared between hypertensive and normotensive groups by a t test of Student's (continuous variables) or by a v 2 test (categorical variables). The level of statistical significance was kept at 0.05 throughout the whole study.
Results
The intention-to-treat population of the three studies pooled together consisted of 346 subjects, of which 60 were classified as having hypertension and 286 as normotensive. Baseline demographic and clinical characteristics of the intention-to-treat population for the two groups of subjects are reported in Table 1 . Hypertensive subjects were older and with a higher body mass index than normotensive ones, with a significantly larger prevalence of males, concomitant diseases, cardiovascular abnormalities and use of cardiovascular drugs. As expected, entry office blood pressure values were significantly higher in the hypertensive patients. This was the case also for office heart rate values.
During the treatment period, in both the normotensive and hypertensive population, moderate or severe attacks were significantly more common than mild attacks, but no between group difference was observed (moderate-severe attacks: 79 % hypertensives vs. 81 % normotensives, mild attacks: 21 vs. 19 %). Average intensity of all attacks prior to triptan intake was similar between hypertensive (2.0 ± 0.7) and normotensive subjects (2.1 ± 0.7, p = NS). In contrast, during the treatment period, migraine attacks with aura were significantly (p \ 0.01) more prevalent in hypertensive (21 %) than in normotensive subjects (13 %).
As summarized in Fig. 1 , at 2 h the rates of pain free episodes did not significantly differ between hypertensive and normotensive subjects either for attacks treated with frovatriptan or for those treated with the comparators. Pain relief was achieved at 2 h in significantly fewer episodes in hypertensive subjects for either frovatriptan or comparators. The rate of relapse at 48 h with frovatriptan was similarly low in hypertensive and normotensive subjects, while with the comparators it was significantly larger in hypertensives.
At the end of the study, no increment in blood pressure was observed in either normotensive (baseline minus end of treatment: ?0.6 ± 9.6 mmHg systolic and ?0.6 ± 7.6 mmHg diastolic, p = NS for both) or hypertensive subjects (-6.4 ± 1.6 mmHg systolic and -3.9 ± 8.5 mmHg diastolic, p \ 0.01 vs. baseline). Heart rate was not influenced by treatment (hypertensives: ?0.4 ± 8.2 bpm; normotensives: -0.1 ± 7.7 bpm; (p = NS).
During treatment, drug-related adverse events were reported by 12 % of hypertensive subjects and by 10 % of normotensive subjects, with a non-statistically significant difference between the two study groups. Side-effects attributed to study treatment accounted for 43 % of total events in the hypertensive and 51 % in the normotensive subjects (p = NS). A similarly low proportion of subjects in the hypertensive and normotensive group (1 %) was withdrawn from the study due an adverse drug reaction.
Discussion
In the present pooled analysis of three double-blind, randomized, cross-over, national studies, acute treatment of migraine attacks with frovatriptan and other triptans (including rizatriptan, zolmitriptan and almotriptan), resulted in no differences in the proportions of pain-free episodes at 2 h between hypertensive and normotensive subjects. Conversely, pain relief was more difficult to achieve at 2 h in the subjects with high blood pressure, with any triptan. Finally, the relapse occurred more often in hypertensive than in normotensive subjects when attacks were treated with the comparators, but not with frovatriptan. Albeit, we admittedly acknowledge the post hoc nature of our analysis, nevertheless our report stands as the first large comparative systematic analysis of head-to-head trials of frovatriptan vs. other triptans in hypertensive subjects. The study results show that treating an acute migraine attack with a drug of the triptan class is more difficult in presence of high blood pressure, with some differences among triptans. In particular, frovatriptan seems to be associated with a similarly good sustained relieving effect on migraine symptoms, in both hypertensive and normotensive subjects. This is not the case for the other triptans, showing a lower persistence in potency in case of concomitant hypertension. Such a finding is not surprising, because frovatriptan is known to have a long half life, this possibly determining a low rate of headache recurrence [11, 14, 15] .
Triptans are active mainly at the cranial vasculature than in other vascular beds, but they can cause some peripheral vasoconstriction and thus a potentially harmful and rise in blood pressure in case of uncontrolled hypertension [16] . In our study, which deliberately excluded patients with uncontrolled blood pressure, triptan therapy was not associated with any increase in blood pressure in the hypertensive subjects. Rather, we observed a blood pressure reduction, which can be possibly explained by a white-coat effect occurring during the first visits, because no changes in antihypertensive therapy occurred during the follow-up [17] . In addition, we observed neither any increase in heart rate nor a larger prevalence of adverse drug reactions in hypertensive subjects, a finding which is consistent with that of previous reports on the good cardiovascular tolerability of triptans [18] [19] [20] .
In conclusion, our systematic analysis of individual data of double-blind, randomized, cross-over trials, suggests that hypertensive individuals in general tend to be less responsive than normotensive migraineurs to triptan therapy. However, frovatriptan seems to offer the advantage of a lower risk of recurrence and thus a more sustained effect than the other triptans in both hypertensive and normotensive subjects.
